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UNITED STATES 


By Loyvp A. Stevens 
Aerological Division, U. 8. Weather Bureau, Washington, D. C., January 1937] 


INTRODUCTION 


Due to the ee of aeronautical engineers 
meteorologists, and others in the possible advantage of 
high-altitude fying, it is deemed appropriate to publish at 
this time the results of wind measurements made by the 
United States Weather Bureau during the past several 
years for altitudes between 6 and 14 kilometers (20,000 to 
46,000 feet, approximately) above sea level. A summary 
of the winds in the Jower levels over the eastern section of 
the United States was published in the Montaiy WEeaTHER 
Review SupptemenT No. 35, and another summary for 
the central and western sections of the country be 
published in a similar manner in the near future. For the 
information of those interested in the other elements in 
the free air, reference is also made to another publication 
soon to be issued as a supplement to the MonrTstiy 
Weatuer Review, entitled “Summary of Aerological 
Observations Obtained by Means of Kites, Airplanes, and 
Sounding Balloons in the United States”. Data are given 
herein for 30 stations, shown in table 1, which were 
selected according to their hical location and 
number of observations available for high altitudes. 


TaBLe 1.—List of stations showing elevation above sea level, period 
of record, and number of daily observations 






























































Number 
Station — Period of record oo 

tions 

Meters 

>, $( a 1,117 | May 1932-Feb. 1036. ............ + 
Doles, IGG un scesécocsscsten 1926~ GR icotesconsss 3 
Broken Arrow, Okla............ 233 | Oct. 1918-June 1933_._. 2 
Brownsville, Tex.....-...-.---- 12 | Aug. 1920-Feb. 1936 3 
Burlington, Vt................- Jan. 1920-Aug. 1935. .... 2 
Cheyenne, ‘Wyo idbbsacekbebeabs: 873 1926-Nov. 1935. 7 
Due West, 8. C ee ernoees 217 | Dec. 1920-May 1932 2 
Ellen Tis WERntvcossossed 444 | Oct. 1918-Feb. 1932. 2 
Be POS, TO... ccavessooseeabus 1,196 | Apr. 1932-Dec. 1935. 3 
Evansville, Ind 124 | Oct. 1920-Feb. 1936 “4 
Greensboro, N. C.............. 271 | May 1928-Feb. 1936_............ 3 
eS SS OS, RR aes 139 | Oct. 1918-May 1931_... 2 
NE | ERENT SR: Aug. 1927-July 1935............. 2 
J ~~ “Wea 14 | Oct. 1926-July 1935. 2 
Key West, Fla......----------- 11 | July 1920-Jan. 1996 2 
1 «HR IRR edo 263 | June 1919-Oct. 1926. 1 
Los Angeles, Calif. _............ 217 1923-Dec. 1935. 3 
Madison, Wis.................. 307 | May 1919-Feb. 1927. 1 
Memphis, Tenn_..............- 145 | July 1923-July 1935..............] 2 
Modena, Utah. ee ae 1,665 | Aug. 1927-Dec. 1935. ............ 2 
New Orleans, La...............| 25 | Oct. 1926-Feb. 1936.............. 2 
Omaha, Nebr. wee SESE 321 | Jan. 1919-Sept. 1935............. 3 
Portland, Oreg ke ke 24 | July 1928-Oct. 1035.............. 3 
Redding, Cc ct 223 | Apr. 1920-Feb. 1936............ a 
Royal Center, Ind_............. 225 | Oct. 1918-Mar. 1932............. 2 
San Francisco, Calif. ........... 8 | June 1921-Nov. 1935............. 3 
Sault Ste. Marie, Mich......... 198 | Nov. 1926-Feb. 1936__........... 2 
heridan, Wyo. ................ 1,153 | Aug. 1927-June 1934............. 2 
Washington, D. C_............. 10 | Jan. 1919-July 1935_............. 3 
Winslow, Ariz..............-.-< 1,488 | Dec. 1931-Jan. 1936__............ 4 








Since the data are rather meager for these altitudes at 
most stations, the s ized results for each level are 
shown only for the four seasons and for the year as a 


whole. Summarized data are not shown for any season 
or level having less than 15 observations. This minimum 
number is believed to be too small, in most cases, to give 
true seasonal averages but was decided upon in order 
that, for the — of comparison, the graphical repre- 
sentation might be as complete as possible and the tabular 
matter reduced to a minimum. Data for seasons having 
less than 15 observations are shown in tabular form, each 
individual wind observation being listed separately. 


TABLE 2.—Tabulation of individual wind observations by seasons for 
levels having less than 15 observations and not shown graphically in 
the accompanying charts. Velocities in meters per second 
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TaBLR 2.—Tabulation of individual wind observations by seasons for Taste 2.—Tabulation of individual wind observations by seasons for 
levels having less than 15 observations and not shown graphically in levels having less than 15 observations and not shown graphically in 
the accompanying charts. Velocities in meters per second—Contd. the accompanying charts. Velocities in meters per s 
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TaBLE 2.—Tabulation of individual wind observations by seasons for TasLE 2.—Tabulation of individual wind observations by seasons for 
levels having less than 15 observations and not shown graphically in levels having less than 15 observations and not shown graphically in 
the accompanying charts. Velocities in meters per second—Contd. the accompanying charts. Velocities in meters per second—Contd. 
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TABLE 2.— Tabulation of 


individual wind observations by seasons for TaBLE 2.—Tabulation of individual wind observations by seasons for 














levels having less than 15 observations and not shown graphically in levels having less than 15 observations and not shown graphically in 
the accompanying charts. Velocities in meters per ntd. the accompanying charts. Velocities in meters per second—Contd. 
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TaBLE 2.—Tabulation of individual wind observations by seasons for 
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the accompanying charts. Velocities in meters per second—Contd. 
REDDING, CALIF.—continued 
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TaBLE 2.—Tabulation of individual wind observations by seasons for 
levels having less than 15 observations and not shown graphically in 
the accompanying charis. Velocities in meters per ntd. 


SAULT STE. MARIE, MicH.—continued 























































































































































































































8 km 10 km 12km 14km 8 km 10 km 12 km 14km 
Season Season 
Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. 
a RSS 2. SOS OE ERASER Fi Seen! PRS e ew Oe: Rees : 1 
17 EE TE AEE EOS RE SE NONE RG NNE. 7 
15 NWS GE SE oot 2) FR ERG: CES ORY Oa eet NE. 6 
16 Do " SASL I CRSA EMR RE Sy Sw. 6 
8 titetAed dementia andainsendiacdl dpainiiinetaamensediaéanen wsw 13 
6 EE, AR 6 EE Ys TEU: RAKE WANT er WNW 21 
15 SR URES Se NW 21 
16 Bettas st clactcsbibediaestiticetstekacdbtbetndibinstbnecdbanance NW. yo] 
6 Autumn.- NE. 28 | 8. 3| SW. 3 
10 Do WSW 9) W. 12; NW. 45 
20 Do w. WNW. 
ll Do. : 
16 Do 
10 Do. 
12 Do. 
19 Do 
12 Do. 
22 Do. 
27 
S 
12 
7 a a a Oe Baa ESE, 22 | NW. 7 
4 SOE MIE SY RR SN 8. 5| WNW i 
5 end icckhndkbdialebicudddclnacesescuntvontee w. EP Etbdchoondolubooce 
, AAT Ga” OS I PK ae NW. STARR Epa 
TA tient pan alana mien daidiidinnkwonkae NW. oy aE Aah Rade 
ROYAL CENTER, IND. a4 ROOT EE NN! PN Re See NW 20 |. --naene-|oonced 











































































































































































































































































































“in 





BRSsBadSPosota 








As for the reliability of these data, it should be pointed 
out here that most of the observations were on the 
single theodolite method, wherein the ascensional rate of 
the balloon is assumed rather than measured; also, that 
pilot-balloon observations are not made when precipita- 
tion is falling or low clouds prevail. It is essential, fur- 
thermore, that relatively low velocities prevail in the lower 
levels in order that observations may reach the high levels, 
for high velocities in the lower levels cause the balloons to 
be carried out at such low angles that they are usually lost 
from sight before reaching great heights. In general, how- 
ever, it is believed that these data are quite representative 
of average wind conditions, especially for the first three 
levels of 6, 8, and 10 kilometers, corresponding approxi- 
mately to 20,000, 26,000, and 33,000 feet, respectively. 
For the higher levels, also, certain stations have sufficient 
data to show fairly reliable averages. Wind directions 
referred to herein sews indicate the direction from which 
the wind blows. All velocities are given in meters per 
second, with the English measure equivalents indicated 
where appropriate. 

is summary consists of (1) wind roses, (2) resultant 
winds, (3) average velocities, (4) frequency of high veloci- 
ties, and (5) extreme velocities. ind roses and result- 
we winds are given in graphical form on the accompanying 
charts. 


WIND ROSES 


In figures 1-23, wind roses are shown for each of the 5 
levels 6, 8, 10, 12, and 14 kilometers for the four seasons 
and for the year, insofar as sufficient data are available. 
It will be noted that, for the year as a whole, the prevailin 
directions are, for the most part, between WSW. and NW. 
at all levels, although there is an apparent shift to N. or 
NE. in the higher levels over the southeastern part of the 
country. The latter is probably due to the fact that most 
of the observations bet vas these levels at these stations 
were made during the summer and autumn months when, 
in general, easterly directions are more prevalent. The 
greatest variation from the yearly average occurs during 
the summer season when the northward movement of the 
belt of northeast trade winds causes a decided increase in 
the frequency of easterly winds and a marked decrease in 
velocities south of about latitude 35°. There is also greater 
variation in direction at all stations during this season. In 
general, the average velocities are highest from the pre- 
vailing directions and higher in winter than in summer; 
the difference in velocities between winter and summer 
being greatest in the more southern latitudes. For the 
year as a whole, there is an increase in velocity with height 
up to a level varying from about 14 kilometers over the 
extreme south portion of the country to about 10 kilome- 
ters over the extreme north portion. This limiting level— 
above which, on the average, velocities do not increase— 
corresponds closely to the average height of the tropo- 

ause over these latitudes. During the winter season, 

owever, when the tropopause is lowest, the increase in 
velocity does not extend even to the 8-kilometer level over 
the northern part of the Rocky Mountain and western 
Plateau regions. This may be due to the fact that bal- 
loons are more likely to be observed to high levels, during 
this season, when relatively low velocities prevail at all 
levels; or, it may be due to the fact that this region lies 
in the path of frequent outbreaks of polar air masses from 
western Canada, which bring with them the characteristic 
conditions (including a low tropopause) of the more north- 
ern latitudes. In general, also, there is an increase in 
velocity with latitude. This is more pronounced in sum- 


mer than in winter and more pronounced at 6 kilometers — 
than at higher levels, becoming less at each successive | 
level above 6 kilometers. During the winter season, — 
however, highest velocities appear to occur over the east- — 
central part of the country at all levels. 

In table 3 the annual percentage frequencies of the 
winds from all directions are combined into four figures — 
showing the total frequency from each of the four cardinal — 
directions. In arriving at these figures, the total fre- 

uencies of winds from NNW., N., and NNE., and \ © 

W. piv NE.) were Pas: as N.; the total frequencies ~ 
of ENE., E., ESE., and % (NE. plus SE.) were grouped as — 
E., the total frequencies of SSE., S., SSW., and % (SE. — 

lus SW.) were 2 ee as S., and the total frequencies of — 

" W., WNW., and & (SW. plus NW.) were grouped — 
as W. 


TasLe 3.—Annual poses requency of wind directions from — 
oot tN NED pe fone ude NNW., N., NNE., ~ 
and % (NW.+NE.); east winds include ENE., E. ESE., and 

(NE.+S8E.}; south winds include SSE., 8., SSW., and y 
E.4+SW.), and west winds include WSW., W., WNW., and — 
(SW.+NW.) 5 
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From an examination of the table it will be noted that, 
for the year as a whole, westerly winds predominate at all 
stations and all levels except Jacksonville at the 12- and 
14-kilometer levels, Key West at the 14-kilometer level, 
and Madison at the 10-kilometer level, where northerly 
winds prevail. Northerly winds are next in frequency 
except as noted above, with southerly winds next, and 
easterly winds least frequent except at the southernmost 
stations of Due West, Jacksonville, Key West, New 
Orleans, Groesbeck, and Brownsville, where easterly 
winds are more frequent than southerly winds. 

The table also shows that, on the average, between 70 
and 80 percent of the winds at all levels and for all stations 
are from the north and west quadrants. It appears, also, 
that the annual percentage uency of westerly winds 
reaches a maximum at 5 or 6 kilometers, except over the 
extreme south, southwest, and Pacific coast regions, where 
the frequency of westerly winds increases up to 8 kilo- 
yo rng at most stations and up to 10 or 12 kilometers at 
others. 


RESULTANT WINDS 


Resultant winds, based on the same records used in com- 
puting the wind roses, are shown graphically in figures 24 
to 28, inclusive. In computing these data each individual 
wind observation is handled as a vector, and in arriving 
at the final results these vectors are combined into a single 
vector, or value, representing the resultant or mass move- 
ment of the air. For example, a north wind of 12 meters 
per second, when combined with ‘a south wind of 8 meters 
per second, will give a resultant wind of north 4 meters per 
second, which is the mass movement of air as measured 
by these two observations. Resultants are of most value, 
of course, when based on a large number of frequent 
observations. They can be used to advantage for long- 
time planning of air-line schedules and in the study of the 
general circulation of the atmosphere. 

It will be noted that, for the year as a whole, there is 
remarkably close agreement in both the direction and 
velocity of the resultant winds between levels and between 
adjoining stations. With a very few exceptions, the an- 
nual resultant directions fall between W. and NW. at all 
stations and at all levels. The exceptions are: NNW. at 
Madison and N. at Jacksonville at 12 kilometers, and 
NNW. at Greensboro and Royal Center and NNE. at 
Jacksonville at 14 kilometers. The resultant velocities 
for the year, as a whole, average about 10 meters per 
second for the northern part of the country, decreasing to 
about 6 meters per second over the extreme southern part. 
For the individual seasons the greatest variations from the 
annual values occur during the winter and summer. Dur- 
ing the winter season there is a marked increase in result- 
ant velocities at most stations, especially over the eastern 
part of the country where the average is approximately 16 
meters per second at 6 and 8 kilometers. Above 8 kil- 
ometers there is a decrease in velocity over the northern 
part of the country, but a continned increase up to the 
14-kilometer level over the extreme southern part. The 
former is apparently due to the fact that the base of the 
stratosphere is reached at 8 or 9 kilometers over that part 
of the country during this season, above which a decrease 
in mass air movement is to be expected. As the tropo- 
pause slopes upward rather steeply from north to south 
during this season (reaching a level of about 15 kilometers 
at latitude 25° north), it 1s also to be expected that the 
average air movement should increase in velocity up to 
the 14-kilometer level over the southern portion of the 
country. During the summer season lighter resultant 
velocities prevail over all sections and at all levels, except 


at the lower levels over the northern Rocky Mountain 
region where they are generally greater than during the 


winter season. ‘This is apparently due to the fact that the 
tropopause is ——a higher over this region in sum- 
mer than in winter. e increase in velocity, conse- 
aie | extends to higher levels during the summer sea- 
son. The resultant directions, during the summer season, 
shift to SW. or WSW. over the western Rocky Mountain 
and Pacific coast regions and to N. or NE. over the south- 
eastern part of the country. This circulation indicates 
the existence of a high-level anticyclone, located approxi- 
mately over the State of Texas. The existence of this 
anticyclonic circulation at high level was brought out in an 
article published by Thomas R. Reed, of the San Fran. 
cisco, Calif., Weather Bureau office.' The statement 
made by him in that article, to the effect that there were 
indications of this anticyclone extending up to the tropo- 
pause, is verified by the present study. It is interesting 
to note that Shaw * also shows a center of high pressure at 
about the same location in his computed normal-pressure 
map for 8 kilometers for the month of July. 


AVERAGE VELOCITIES 


In table 4 average velocities are shown for each station 
by levels and seasons. These values are obtained without 
te to wind direction by dividing the velocity totals for 

directions by the corresponding number of observations, 


TaBLe 4.—Average velocities in meters per second (obtained by 
dividing total velocity of all directions by total number of observations). 
One meter per second is equivalent to 2.24 miles per hour 
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1 Less than 15 observations. 


1 Reed, Thomas R. The North American [High-Level Anticyclone—Monthly 


Weather Review, November 1933, pp. 321-325. 
* Sir Napier Shaw, Manual of Meteorology, vol. II, fig. 167, p. 262. 








LE 4.—Average velocities in meters second (obiained 
Ceding total velocity of all directions by sinlaceman of b seven eae f 










































































































































































One meter per 8 ts equivalent to 2.24 miles per hour—Continued 
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In general, it will be noted that tle variation of average 
velocity with height and with latitude is approximately 
the same as previously pointed out in the discussion of 
wind roses and resultants. The annual variations with 
latitude from south to north are approximately 8 to 15 
meters per second at 6 kilometers, 10 to 16 meters per 
second at 8 kilometers, 11 to 16 meters per second at 
10 kilometers, and 13 to 15 meters per second at 12 
kilometers. At 14 kilometers there are hardly enough 
data available to indicate accurately the latitudinal trend 
at that level. During the winter season, however, there 
appears to be no ar change in velocity with latitude 
but rather a concentration of high velocities over the area 
between 35° to 40° north latitude and 80° to 90° west 
longitude, the average being 21 or 22 meters per second 
at 8 kilometers. Above 8 kilometers the number of 
observations available are not sufficient to locate this area 
accurately, but it appears to shift toward the southwest 
with altitude, the average velocity at 12 kilometers being 
25.2 meters per second at Groesbeck and 23.8 meters per 
second at Broken Arrow. This season is also character- 
ized by —- average velocity with height over the 
northern part of the Rocky Mountain and Western 
Plateau regions, as previously pointed out. This is shown 
by the records for Ellendale, Havre, Boise, Sheridan, and 
Cheyenne, the combined averages for the five stations 
being 14.4, 13.1, and 11.9 meters per second for 6, 8, and 
10 kilometers, respectively. Except over the region just 
mentioned, highest average velocities occur during the 
winter season and lowest during the summer season, the sea- 
sonal range being greatest over the more southern latitudes. 

It is interesting to note in this connection that the 
average wind velocities obtained herein and their variation 
with height and latitude agree closely with the computed 
wind speeds presented in “Physikalische Hydrodynamik 
Mit Anwendung Auf Die Dynamische Meteorologie’’.® 


FREQUENCY OF HIGH VELOCITIES 


The percentage frequencies of high velocities between 
22 and 27 meters per second (49-60 miles per hour), 
28-36 meters per second (61-80 miles per hour), and over 
36 meters per second (80 miles per hour), together with 
the highest velocities on record, are shown in considerable 
detail in table 5 for 6, 8, and 10 kilometers. 

It will be seen that high velocities occur most frequently 
with westerly winds. Over the western Rocky Mountain 
and Pacific coast regions, however, they also occur con- 
sistently with directions between N. and E., especially dur- 
ing the winter season. This is probably due to outflowing 
air from deep, high-pressure areas which move down from 
western Canada southward along the eastward slope of the 
Rocky Mountains. In general, there is a decided seasonal 
variation in the frequency of high velocities at these 
levels, the maximum occurring during the winter season 
and the minimum during the summer season. Over the 
north portion of the Rocky Mountains, however, the 
reverse is true, as in the case of average velocities pre- 
viously discussed. Most stations show an increase in the 
frequency of high velocities between the 6- and 10-kilometer 
levels. This is more pronounced in summer than in winter. 

In table 6 the total (all directions combined) annual 
percentage frequencies of high velocities are shown with 
the stations grouped according to geographical location. 
Mean values are also given for each of the three groups of 
stations. The mean values were computed from the 
original data and are not, therefore, averages of the 
columns under which they appear. 


: Te Hydrodynamik Mit Anwendung Auf Die Dynamische Meteorologie” 
by: V. Bjerknes, J. Bjerknes, H. Solberg, and + Besosven, p. 649. 
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Taste 5.—Percentage frequency of high velocities of 22-27 meters TaBLe 5.—Percentage fr of high velocities of 22-27 meters 
second (48-60 miles rag we 28-36 meters per second (61-80 miles second (48-60 miles per hour). 28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions tively and mazimum velocities; classified by directions—Continued 
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LE 5.—Percentage frequency of high velocities of 22-27 meters TaBLe 5.—Percentage fr of high velocities of 22-27 meters 
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Taste 5.—Percentage frequency of high velocities of 22-27 meters per 
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Taste 5.—Percentage frequency of high velocities of 22-27 meters per 
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TasBLe 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions—Continued 


LOS ANGELES, CALIF. 


WINTER 


18 





TaBLe 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions—Continued 
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TasLe 5.—Percentage froquaney of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directtions—Continued 
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TaBLE 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61—80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
lively and maximum velocities; classified by directions—Continued 
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Tasie 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-86 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions—Continued 
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second (48-60 miles per hour), 28-86 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions—Continued 
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Tasie 5.—Percentage pony of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61—80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directtons—Continued 
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TaBLE 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28—36 meters per second (61—80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and mazimum velocilies; classified by directions—Continued 
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TaBLe 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61—80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions—Continued 
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tively and maximum velocities; classified by directions—Continued 
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Tas.Le 5.—Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61-80 miles 
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tively and mazimum velocities; classified by directions—Continued 








8,000 meters 























Max. 


Over 
36 


Max. 

















































































































Oo] FeOaor en 


~ 


































































































25 


TaBLEe 6.—Annual total (all directions combined) percentage frequencies of velocities of 22-27 meters per second, 28-36 meters per second, and over 
36 meters per second, respectively; also, maximum velocity and corresponding directions—stations grouped according to location in northern, 


=: middle, and southern sections of country 


is 


STATIONS NORTH OF LATITUDE 41° 
































































































6,000 meters 8,000 meters 10,000 meters 
Station 
22-27 28-36 | Over36/ Max. vel. 22-27 28-36 | Over 36| Max. vel. 22-27 28-36 | Over 36| Max. vel. 
Burlington, Vtq........00~-neceenscownewcccceccees 8.4 2.2 0.6 | W-41_....... 6.9 1.1 1.1| WNW-38..- 4.8 3.2 0 SW-35 
OE De 9.9 3.2 at W-@......... 14.2 7.1 .7 | SW-41...... 12.5 10.9 1.6 | NNE-48. 
Se: SEO. cups atnedsngspeentieenionatinetnd 8.2 2.5 1.0] NW-81.. 11.6 2.9 .4 | NW-37 a 13.4 5.0 .8| WNW-40. 
REE, Wl Devayicdéccdnnetmbecenpoeiaakicibuwed 9.6 2.8 1.1| WNW-49 15.0 5.6 1.4) NW-58_..... 10.5 1.2 1.2 | NW-38. 
CUERE, NODE... ncccnccnecaescascesesecesceccess 5.1 1.2 3 it aie 6.1 1.7 ris - wee 8.8 2.5 .3 | W-38. 
Bhendalt, M. Delt. ... conan picccccctimispoesuecs 12.3 5.3 1.3 | NNW-50__. 15.2 7.1 1.1} NW-62 15.6 6.9 1.4 | W-40. 
CRITTER, WYO. 0 dbdcdonegghotasccanidethdines 6.7 1.7 on W-46__.... 5.6 1.2 0 Rag 4.4 1.5 .7 | WSW-37. 
Sheridan, WHO... .caccvocecasmbovsecsccspwcnssvce 9.0 3.4 .5 | WSW-57... 14.0 3.1 9 | W-40....._.. 10.5 6.3 1.5 | W-41. 
OS SS a eee ee 11.0 4.3 .3 | SW-47...... 8.8 2.7 5 | SW-38 9.2 3.7 .6| W-4). 
eet, SOUND. cccdidscdmigdplinbaneenethbupthocs 7.3 2.6 .5 | WSW-44__. 9.6 3.7 4] NNE-49 10.6 6.0 .4| WSW-38. 
Se SRR aan e RRR eae 6.8 2.3 .38 | NNE-48._. 9.4 2.5 8 | NE-39.____- 10, 2 4.9 0 N-35. 
pT - eae ois 8.3 2.8 oft Teebdbaniemene 10.4 3.5 . aw 10.5 5.0 & 
STATIONS BETWEEN LATITUDES 35° AND 41° NORTH 
Wesbtaghen, 1D. Gi dik sdicctienionccccetéepewnns 7.1 1.2 .8 | WSW-40_... 5.0 1.0 0 WNW-34._. 9.8 | 2.3 0.6 | WNW-41. 
EE RS ERS AEE: 3.6 2.0 .7 | WSW-49._. 6.1 1.5 .2| NNE-38_... 7.7 | 3.9 1,2 | NNE-650. 
owed Gantt, BOG. ssccdedndiveanccaibecescecuves 8.4 2.7 .4 |) W-538........ 8.8 3.0 1.2 | WNW-48... 14.0 4.3 17 NN W-46, 
| SRE ee BETe 3.2 .6 Fi . woe 4.5 5 9 WSW-23.._. 1.3 0 0 N W-22. 
DSO, TORR cn dkdednncianccsedgsdbesndneeats 2.5 .6 .1 | WSW-38 2.0 6 0 WSW-28.... 2.1 0 0 | NE-25 
eee Aste, Glo wn ccctbctddiatdedincnccocs 6.5 4.3 1.1| NW-61.2._. 6.8 3.2 1.5 | W-51-.. 7.0 | 4.6 1.9] WNW-853. 
Aeeee, TUiscccvcdtncinecttbsssstiakttatonnesnce 4.8 2.0 .2 | SW-40...... 5.8 2.1 .2| WSW-40... 5.0 14 .5 | W-37. 
NED. CUR. coctdsinichénentEbindimmandmocsinn 6.0 2.8 .4 |) NW-58 114 3.9 Pio S Saas 9.1 8.6 22) W-4 
eens GN >.<"; dceicslinctt hanuadnas ete? ; ae 3.3 -9 | NW-48___._- 9.9 5.0 2.1 | NW-60.. 125| 6.4 1.9 | NW-358. 
See Premeed, Cis ctscancéedemnsimssiiinwhire 1.9 1.0 .2 | NW-47...... 4.6 4 .2| NNW-46 7.3 | 3.5 0 SW-34. 
Wient CU cane cctstnenenircntitnedes 5.8 2.6 .6 |-------------- 7.2 RG h . tai eine | 8.4 4.2 1.3 
STATIONS BETWEEN LATITUDES 24° AND 35° NORTH 
cs Mieke ed SEED So eee iee seek Seema 6.6 3.5 1.3 | NW-61_-..-- 5.0 3.3 1.1] W-55 6.2 2.2 1.0] WNW-59 
DEERE, Fetic. cic canincdcbtiniisibbeidaniterduian 3.6 1.2 0 WN W-35 3.6 2.0 3] WSW-47 a 2.2 .3 | WSW-37 
og SS aa eae ee 1.3 z 0 ears 3.6 1.8 3} WNW-43 8.4 2.0 .6 | W-38. 
New Orleans, La_-_.- 4.3 1.6 .1| WNW-40 6.0 1.9 0 W-S4........ 11.6 6.1 1.4] W-43. 
Groesbeck, Tex. 6.5 3.6 .56 | WNW-45 7.0 3.5 1.0 | W-60.......-. 7.2 4.0 1.0) WNW-S54 
Brownsville, Tex 2.2 .6 .1| SW-38...... 5.2 1.9 0 WNW-32 6.7 2.2 1.1 | W-54. 
E! Paso, Tex__ 7.4 2.5 .56 | SW-39..- 6.3 4.6 ai - 10, 2 3.6 18) NW-50 
Winslow, Ariz... 7.0 4.8 1.7| WNW-68 11.7 9.5 3.5 | NW-47...... 14.5 7.9 5.3 | WNW-49 
Los Angeles, Calif. 4.9 my 0 NW-32...... 3.6 -6 3) WSW-49___. 6.4 2.9 0 N W-32 
Mean (PetGttE). ..cwqrncceesooesegnsnen= 5.1 2.6 7 lusicccsoccnced 5 3.0 -8 |--.----------- 8.0 3.4 | 1.1 | 























This table shows that on the average the frequency of 
high velocities increases with latitude at ali three Jevels 
and with altitude for all three groups of stations. With a 
very few exceptions, the highest velocity on record at each 
station occurred with a westerly wind. In table 7 the 
mean values for each group are combined to show fre- 
quency of winds of 22 meters per second or over, 28 
meters per second or over, and over 36 meters per second, 
respectively. 


TaBLe 7.—Percentage frequency of winds of 22 meters per second or 
over, 28 meters per second or over, and over 36 meiers per second, 
respectively. 

















6,000 meters 8,000 meters 10,000 meters 
Groups 22 | 28 | Over] 22 23 | Over; 22 28 | Over 

m.p.s./m.p.s.| 36 |m.p.s./m.p.s.| 36 j|m.p.s.;m.p.s.| 36 

or Over|or Over|m. p. S.\or OVer|or Over|m. p.s.\or Over|or Over|M. p. 3. 
ROP ah | : 
Northern_......... 11.6 3.3 0.5 | 14.6 4.2 0.7 3 5.8 0.8 
ea 9.0 3.2 .6 10.6 3.4 8 13.9 5.5 1.3 
Southern. ...._____ 8.4 3.3 7 9.3 3.8 8 5 4.5 11 


























As may be seen, the frequency of wind velocities of 22 
meters per second or over ranges from 8.4 percent at 6 
kilometers over the southern section of the country to 
16.3 percent at 10 kilometers over the northern section. 
The frequency of velocities of 28 meters per second or 
over, ranges from 3.2 percent at 6 kilometers over the 
middle section to 5.8 percent at 10 kilometers over the 
northern section, and the frequency of velocities of more 
than 36 meters per second ranges from 0.5 percent at 6 
kilometers. over the northern section to 1.3 percent at 10 
kilometers over the middle section. 





EXTREME VELOCITIES 


In order that the record of extreme (highest on record) 
velocities may be shown as completely as possible, these 
data are given in table 8 for all Weather Bureau stations 
in the United States, including both the active and dis- 
continued stations, and for all available records through July 
1936. These data are shown by seasons, but with the indi- 
vidual month also given in which each observation occurred. 

It will be noted that there is considerable variation in 
the highest recorded velocities, even between adjoining 
stations, due to the fact that observations reaching these 
altitudes were made very irregularly at all stations, and 
rarely at the same time or even the same day at two or 
more adjoining stations. An analysis of the table shows 
that winds of 50 meters per second (112 miles per hour) or 
over have been recorded at least once during the past 
several years at 30 different stations whose locations are 
well distributed over the country. With one exception 
(at Groesbeck, Tex.), these records are confined to the 
first three levels of 6, 8, and 10 kilometers. Extreme 
velocities of 60 meters per second (134 miles per hour) or 
over were recorded at 9 different stations; also fairly well 
distributed over the country. These records are confined 
to the two lower levels of 6 and 8 kilometers. The highest 
velocity for all stations was 81 meters per second (181 
miles per hour) from the NW., recorded at 6 kilometers at 
Lansing, Mich., on the morning of December 17, 1919. 
Although this was a single-theodolite observation, an 
examination of the original record gives no reason to doubt 
its accuracy. This is verified, to some extent also, by the 
unusually rapid movement of a surface high-pressure area 
of 30.5 inches, which was centered at St. Paul, Minn., on 
the morning of this observation, and 24 hours later was 
centered at Philadelphia, Pa., nearly 1,000 miles away. 
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TaBLe 8.—Extreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations in 
the United States and for all records through July 1936, by seasons. One meter per second=2.24 miles per hour 













































































































WINTER 
6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters 
Station —_ 

Vel. Dir. Mo. | Vel. | Dir. Mo. | Vel. Dir. Mo. | Vel. Dir. Mo. | Vel. Dir Mo. 
EES SES. Saas Seen ee gh 2) SR Saas Ce: OP Bo ee ee eS ee ee ee () 
I nccnavbubitivoodanbinvestipneinn 1 34) NW. Feb. 33 | W. Jan. 45 | W. Feb. w. Dec. (4) 
py en Ch TS BARES A 7 33; NWW Dec. 30 | WNW. | Feb. 21; NW. Jan. ee OE at Ee 1) 
Albuquerque, N. 5| 66) WSW. | Jan. 33 | W. Dec 24| NNW. | Jan 9| ESE Jan (1) 
pv ee ee 4 40} SW. Dec. 40 | WSW. | Dec. 37) W. Dec 13 | SE. Jan () 
Atlanta, Ga... 5 a) 31) W. Feb. 41 | W. Feb. 29; WSW Jan. 31) W Jan () 
in... cndadensiienoatammeimedielee 5 39 | WNW Feb. 21 | NNE. Feb. 2 OES eee |, 8 SS eee () 
EEE SEIS 4 41 | NNW Jan. 36 | W. Dec. 50 | WNW. | Jan. 29) W. Feb. 26 
i i anal ES a 2 35 | NW. Feb. 28 | WNW. | Dec. 22) N. Jan. 28 | N. Jan. 32 
6 eae 4 31 | NW. Feb. 25 | NW. Dec 26 | SE. Feb. 25 | W. Jan (1) 
an omentnmniindansasin inte 10 39 | N. Feb. 42| WNW. | Jan. 29; NNE. Jan. 13| WNW Dec (!) 
a i RR a a a 10 23; WSW Dee. 8| NW. Feb. 22; NW. Feb. gy rae emai FO. () 
I Tis. acacnecsssedcusecnees 12 50 | W. Feb. 50 y. Jan. 40 | W. Dec. 37 | WNW Feb. 
Brownsville, Tex.......- Henle on <a RICAN NESS 7 38 | SW. Feb. 32| WNW Feb. 54) W. Jan. ee | 6) 
I os seein Delgebiie 7 18 | NW. Feb. 14 ? Dec. BY Rene ARS ve ra () 
il SE RE RES SS ER 17 41} W. Feb. 37| WNW Feb. 19}; NW. Feb. 21 | NW. Feb. (1) 
IE, TIS son cncin emeinadinhoocepnnceia 4 48 | W. Feb. 40 | sw. Feb. 26 | N. Dee. eae Saba (1) 
ES Es Te Se 10 46) NW. Jan. 2) ENE Dee 16| NNW Feb. 17| WSW Feb. (1) 
ER i, ARE aE RE 10 36 | NW. Jan. aa ae 0 ene Cae EASES see (1) 
ES EET Sa OR 5 13 | W. Dee. SERS: ee i, ae 6 Se 2 eee eee (4) 
DS SE 10 33 | NW. Jan. 25 SW. Feb. 4| SSW. Feb. 11 | W. Feb. (1) 
bl SE, EE ES IE 5 43) W. Jan 38 | NW. Feb. 23 . Dec 37 | NNW Dec. (1) 
lS wr cinhdengmmaniions 6 44 W. Jan. 291 W. Feb. 38 | WNW. | Jan. Sears CeMeaaee () 
a ee et 10 29; WSW. Feb. 46| WSW Jan. 50 | NNW Feb. eg NE SE (1) 
Ob ee eee 5 28; W. Jan. 24) WSW Feb. 16 | E. Feb. = | SSE Bearer (@) 
EE I inn ne cinceatenbiniabebrimewitinid 17 39 | W. Dee. 42| NNW Dec. 52 | W. Dec. 23) W. Dec 30 
CS” A ARE BOE: ia ae 10 35 | W. Feb. 22 | W. “ 20; W. Dec OF Reta ae ey Oe 
Due West, 8. C.__--- Sndkti phan naacenaoial 11 61 | NW. Jan. 55 | W. Feb. 47| NW. Jan 42| W. Feb. () Ficcedcsscs osekeg 
SITE INE ELIE LL AR. 4 32 | NW. Dee. 16 | W. Feb. 11 | ESE. Jan 4 | SSW. Jan. lg ae ona 
ES ES 13 47; WNW Feb. 37 | W. Feb. 30; WNW Dec. 21 | WNW. | Jan. 17| NW Feb. 
El I ge EA eI RE ES SD 4 39 | W. Feb. 38 | SW. Dee. 40! W. Feb. 44| NNE Feb. w. Dee. 
RARER EATEN IS SES, 25! 7 38 | W. Feb. 25| WNW Feb. Re OS Re ee aaioete iE eae ican 
ELA ILI TE SAT Ti 2 33 | NW. Feb. 46 a Dee. 21; WNW Jan fh ROS ee Rr a 
EE RSS SFE a 7 23; W. Jan. 21 qT. Feb. 8 oe Pe ee Sanger SRR (1) cS Ree 
ERR SRE Ch REE REE s 44) WNW Dec. 36 | WNW. | Feb. 50 | NNE Dec. is | WSW. Feb. i eee <onull 
te ES IS PAD 13 45 | WNW Dec. 60 | W. Feb. 54) WNW Feb. 54) NW. Jan. 24| WNW. | Dec. 
el cncndahondeesemsbhecneduine 9 32 | WNW. | Jan. 32] W. Feb. 25; NW. Feb. 20; ENE Feb. (0) wal 
CS ETS TS: CCE 1 31 | NNW Jan. a Re. ee aE ye ESS OS Cees (1) 
Houston, Tex. ....... " 5 33 | W. Dec 32 | WNW. | Dec. 38 | WSW Dee 30]; W. Dec. () 
Indianapolis, Ind..............-..- 4 39 | WSW Dec. 24) WNW Feb. 21 | W. Jan 251 W. Jan. () 
I 10 32| WNW Feb. 29; NW. Feb. 15 | WNW Dec eee Meno (‘) 
SS SR dani caccdacessvopeebnoos d 3 18 | W. Feb. 14] NW. Jan > Oe, aoe ee eo ee eee (1) 
INE IRs Jen. Shsdosdicadeéouwese 10 33 | W. Feb. 29; WNW Feb 24; WSW. Feb. 9| WNW Jan. (1) 
I TI i diriinnh ompiglondingiininn 10 22; W. Feb. 15 | SSW. Dec. 15 £ Feb. 10 | W. Feb. (1) 
ST TD. 2. oc amecendedwoaadens@andiown 16 30 | WSW Dec. 4831 WNW Feb. 38 | W. Feb. 41| WNW Feb. 34 
EE II IIE 1 31 | WNW Dec 30; WSW Dec hh ne bee , ees Sees 0) 
ON SE OE es 9 31] W. Dee W. Jan 24| W. Dec | Fe ER ot SNe (1) 
oe See a Ugh yee SRR Ae , a ee OPTS yD Se eee EEE , S PST Soest (!) 
Di DE 6d con ccuducwsdbum sinin ite elbiihene 7 81 w. Dee 28 | NW. Jan. 27 TW. Feb. 10 | ENE. Dec. "pp SEER 
OF SEAS EE EES 1 50 | WNW Jan. 34) WNW Feb. 41); WNW Feb. BO eer are Sere eee 
RL EE ont dcecekocntbaccwn (a SR 5a 3 32); WNW Feb. Bo See ode fy ON we Zee oy ee Be on BR oe eee 
ee SSS ae eee 2 45| WNW Dec 37 | WNW. | Dec. 29 | W. Feb. ss ae ae Bee | RRS ian 
a ee aeseuineen 10 32) NW. Dec 23; NNW Dee. 32 | NW. Dec. 20| WNW. | Dee Wsw Dee 
Madison, Wis..------- See tse One b Ee eee a 49 | WNW. | Jan. 34} WNW Jan. 26) W. Feb. , Bo eer Sia Mm che. jaal 
ES EEE EE aE eniileoal 10 45 | N. Feb 31| NNW Feb. 30. | NE..-.. Feb. 20| NNE Feb. (0) bik 
SE WOR cociieckubaintacoviodbeleeunt 13 38 | WSW. Dec. 23 | WSW Jan. 36 | WSW Jan. is | WSW Dee yy eee 
SERS ee eee 6 35 | WSW. Feb. 29) W. Dee. 32; WNW Dec 12 x Jan 8 eee Se 
SE a it in emi cementieeameien 1 27 | NW. Jan. 14} NW. Dee. 8| NNW Dec eal? hae. (1) > 
RES ee SST ae. 9 58 | NW. Dee. 40 | N. Jan. 31 | NNE Jan 22| NW Jan. 33 | W. Dec 
ENE, OO Re STE 3 31 | WSW. Dee 16| NW. Dec. Ae oe POO, eae (3: y ccbdamee oncai 
OS ake SEIS A, OS ER Se 10 221 W. Feb. i 2 ere Pats | 2 ee eee () PEER (TTS i Ree . 
STEM.» 8 can cob bbb eiiosees rites 10 a4. Feb. 34) W. Feb. 36 | W. Jan 2) WNW Dee 16 | WNW. | Dec. 
id ereicmerciantin dordibateein 6 40 | WNW. | Jan 39 | SSW. Jan. 15 | NNW Dec i CCA SSE @)' Li cccodhih. Abele 
EE, SN hin n nine catehaddb biden 1 26 | NNE. Jan 12| NW. Jan 8 | NNW Jan (‘) a eee a OE Sa a 
Oo SS OS ea ee eee 10 47| WNW. | Jan 40| WSW Dec (‘) Re es Bonnet (4) RG SEES « Ot Baeoe wal 
ae Son edalsawecdcanet 16 49; WNW Jan. 28 | NNE. Dec. 28 | W. Feb. 19; WNW Jan 2 WNW Jan. 
EE Ls. Lniinbhacatiiclat padaeoewiiontie 4 17} NW. Feb. 16 | NW. Feb. if sO Ae , BOR cee Bees Pere ooeal 
aces caitieensicettin plat Ps 3 26) NW. Jan. 51} NNW Jan. | ES EES ho Bee / eer onal 
EER, GU cdocdncscewsutdwarspodede 1 23) N. Dec. ., £3) Sa eee |} 2 eee Gee (‘) PR TARR, BAR? 2 eS oe okie 
Ni TT IE RR. SB RTE 1 6 50 | NW. Dec. 42| WSW Dec 52 | SW. Dee 13 | WNW. | Dec (‘) siehiehearh = 
Pittsburgh, Pa_. ee a 3 27| WNW. Dec. , 2 ASSET Sees oo eee Se OF ee Bes bo 2 Serre sie 
Sa Tenn ee s 48 | NNE Jan. 39 | NE. Dec, 35 | N. Dee. 36) W. Jan. 15| WSW. Feb. 
SE TE o.0in. < chmiuibienetnmanciudacs 7 48 | NE. Dee. 48 | NNW Dee. 58 | NW. Dec. 27| NNW Jan. 19 | NNW. Feb. 

ee TER RE ae TY 9 56 | NW. Jan. 39 | WSW Feb. 43 | NW. Feb ae ee ee dees WK | eer ae ails 

FS SE a ae it 3 11 | WNW Feb. (4) PES) RS > OEE Se a PO eee CES ee OF tssecconts “a 
Rock Vey 2, SRR CAE SOR ae 4 53 | WSW. Jan. 58 ; Jan 34) NW. Dec 12| NW. Feb. , Titaedses se 
ON Ks ER Ty ak 13 40 | NW. Dec. 48 | WNW. | Dec. 46 | NNW Jan 21| WNW. | Jan Et eS 
ill AN aE TES A Be ts 10 39 Yr Feb. 13 | WSW Feb. 15| WNW Dec. gp ee SRS eg gg eer oan 
i: dds aarndiiadiclnavhaniilinha 10 36 | WNW, | Feb. 24) NW. Feb. 17 : Feb. , aS See Cae. (1) . sohee 
OE SN SR ee ee eee 10 49 | NW. Jan. 34] NE. Feb. 25 TE. Feb. 18 | NNE Feb. Oi, Metriaeks oosenal 
Sandberg, Calif........- EBS 8 ESSER oe Se 4 64 | NNW Dec. 23 | NNW Jan. 29; WSW Dec. ee See (1) PRRTAOR TAS 
I i a 5 35 | SW. Jan. 30 | NW. Jan. 40 | SSW. Dec. i SP eae LE et ee baie 
I EE TES: 15 33 | ENE Feb. 46 | NNW Feb. 30 | NNW. Jan. 24; WNW Dee. 21| WNW, | Jan. 
Sault Ste. Marie, Mich.................-..- 10 31 | NNW Feb. 23) WNW Feb. 20 | W. Feb. Sy = eRe =e i ee 
SOE SRR Ee GEST 10 53 | NW. Dec 34 | SW. Feb, 34 | NW. Dec. 25 | NE. Dec 34 | SW. Feb. 
Sheridan, Wyo.-.------ BBE By 058 IR. 7 55 | NW. Jan. 32 | NNE Feb. 36 | N. Feb. 29; NNW Jan. 11} NW Feb 
NN > SRE ere ee 4 20 | W. Jan. 13 | NNW Dec. 13 | NNW Dec (') POE eRe Se Sea oven 
| eG RT EO ET BT tlte 10 50 | NW. Feb. 34] W. Feb. 27 Ww. Jan. 22 | NW. Feb. 1) Cae 
Tampa, Fla....- PLAT) RIT SR SSEE be 5 29 | WSW Feb. 23 | WNW. | Jan. 32 | WNW. | Jan. 16 | NNW Jan. a ‘i ra 
ETE EE CR 1 34) W. Feb. 39 | WSW. Feb. 13 | NW. Feb. A TARE LE, RES” a SRR a 
pI A RS tt TAILS 2 44) W. Feb. 36) W. Feb. Beh cach Adaendebbesbinans | Geen Soames aa ee 
Si I eee ae ee 1 41| W. Jan 34 | WEW. Jan. (‘) haat : ig ge Re Os CS (‘) tad «el 
EE icc uncnincctanbancennaull 18 40 | WSW. | Jan 34 | WNW. | Dec. 41| WNW Dee (ee Sa FS ie ees 
Wichita, Kans_-.........- AI St TRE TS HERS 6 37 | WSW Jan. 36 ; Feb. 33 | NNE Dec. 14| N, Feb. Be 
op Ee eee 1 22 é Jan. 16} NNW. | Feb. yy See Ene ee Poe a © $4..46i.h.00 OP) Tiwec tate ee 
Bo SURES ES Si SE 3 5 64 | WNW. | Feb. 47 | NW. Jan 49 | WNW. | Jan. 42) N. Jan 38 | NNE Dec 
eS  ncikddendgoonsdins cake catatinsl 1 22| N. Jan. 8 | NNE. Jan. 5| N. Feb. ap RE EG, ERG Sah 9 @} tiki Re 





1 No data available for these levels. 


G2 62 G2 GD GB GD GS GS GE SS tad Sad bed tees bed Bed ees Seed Seed Peed ed ee, a Bees Oe es Bees es ed ed Get ed ed eet es Be ee ed es ee es i ss i i es es i i hk hla 











Taste 8.—Extreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations in 
the United States and for all records through July 1936, by seasons. One meter per second=2.24 miles per hour—Continued 
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Aven, OD10...n--necceeseccsie sens 
Abilene, Tex. .-.-------------.----- 


Albany, N. Y ..-------------------- 


‘Albuquerque, N. Mex 
Amarillo, Tex. - 


NN § Se 
Weente, PB. ..ocneccncccccsccccte 
Big Spring, Tex. .-.-.-------.-.--..- 
Billings, eee 
eS See ee 
Sh PO, crt cainadeestmogiinddmea 
a a ee 
Broken Arrow, Okla__.-...........- 
Brownsville, Tex.....--........5.2- 
NY Ah PIE OR EAE OS 
DENI, WG. ncn co nntgongtinesece 
es 8 eee eee 
Cheyenne, W930... <2 55-2. .ccenesece 
SG BR CE OER EA «1 
ee SE ae ae 
oe a Se 
oe SRS, 25,1 Se 
TG, Fi nicgccmntobvensdhgupeie 
ee a Se ee 
SE EG Pe ccdiertbtetentuiktigneebe 
NS 6 EA ES KC 
Oh ee ee he Se 
BS Wray Gs Gicdimenee nice douinasinds 
SOV und ccsinmvaddendgsrnnmael 
DD, Dan de dattapiancdniedehe 
ED Ree A 
ee A eS SS ES 
SS ee ee 
pe ee ee 


Greensboro, N. 
Groesbeck, Tex 


OS ES i A oS 


SE, Is dt Ativcodteinnnddimonncndiia 
ee ES ee as 
a, ae 
Kansas Hy SA oe Pte 

A i er a ee 
NN Pe RS UE | i a 
ONG, a Re 
 , Se are ie 
NSS I 1 
OU ere eee 
OS ESS See 
PE: Ca CR 6: 1 a 
Be BOE, Ccccccocanédaesons 
YE RS Be 
ne, CE 
RI ee 


Key West, 


Miami, Fla- 
Missoula, Mont 


Newark, N. 
New Orleans, La 
North Platte, Nebr... 
Northport, Wash 
Oklahoma City, Okla 
Omaha, Nebr 
Pasco, Wash 


Pendleton, Oreg 
Phoenix, Ariz 
Pittsburgh, Pa 
Portland, Oreg 


Reno, Nev 
Richmond, Va 


8t. Louis, Mo 
St. Paul, Minn 
Salt Lake City, Utah 


Seattle, Wash 
Sheridan, Wyo 
Spartanburg, S. C 
Spokane, Wash__. 
Tampa, Fla 
Tucson, Ariz 
Tulsa, Okla 
Vicksburg, Miss 
Washington, D. C 
Wichita, Kans 
Winnemucca, Nev 
Winslow, Ariz 
Yakima, Wash 











ey SS a SIE 
Murfreesboro, Tenn................ 
(Be 





Pembina, N. Dak..--.-..-.....---- 
Retiine, Call. .........:....-.. 2. 


Rock Springs, Wyo................. 
Royal Center, Ind_................- 


Sandberg, Calif_.................. - 
_? . 3 Meare 
San Francisco, Calif..............-. 
Sault Ste. Marie, Mich............. 
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Ww. Apr. 
WNW. | Apr. 

Apr. 
WNW. | Apr 
NE. Apr 
Ww Mar 


Wwsw. May 
w. May 
Ww May 
w. May 
WNW. | Apr. 
ay 
c. May 
WNW. | Apr 
WNW. | Apr 
° Apr 
wsw. Apr 
: May 
WNW. | May 
Mar. 
Ww. Mar. 











' No data available for these levels. 
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the United States and for all records through July 1936, by seasons. 
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meter per second=2.24 miles per hour—Continued 





of occurrence, for all Weather Bureau Pilot Balloon stations in 


One 















































































SUMMER 
6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters 
Station =e. — 
Vel. Dir. Mo. | Vel Dir. Mo. | Vel. Dir. Mo. | Vel. | Dir. Mo. Vel. Dir. Mo. 
Ree» RS Seen cor SOUS aed 2 21} SW. July 29 | NNW. | June 21 | NNE. June 11 | WNW. | June Sere! 
pi, ESS ars Pe SER es 1 18 | W. June 21 | NNE. June 20 | SE. Aug. 14 . June 18 | NE. Aug. 
yy SRS TSS ay TERETE 7 36 | WSW Aug. 31) W. Aug. 26 | NNE July 23 | NNW Aug. | 9 eee onal 
pe eS eer ees 5 31 | W. June is | NW. June 14 | NE. Aug. 21; W. Aug. 10} 8. Aug 
pi 8 9 & Sp RRS TE es": 4 26) W. June 31 | WNW. | June 26) W. July 30 | NE. June 27 | NNW Aug, 
Atlanta, Ga....--.-- _ppeceheotinkwson acbinee 9 23 | NNW. | June 24) W. June 22 | E. July 2) NW. July 24) W. July 
pO Se ee es 5 30 | NW. July 31; WSW. Aug. 36 | WSW July 24; WSW Aug. 20} NW. July 
yy RES RESETS Se: F's 4 28 | NW. June 17 | WNW. | June 19 | W. June 24 | NE, Aug. 13 | E. Aug, 
ee een 2 4 | OW. June 39 | W. June 32 | WNW. | Aug 22 | W. July 16 | WSW. | July 
DE, El, Bi icncdecedunttidelecnnncconth 4 31| WNW June 31) W. July 23; WNW July 13 | NW. July CP leiden csoas owns 
Boise, Idaho-...... cit saclpavdiibibedencsaseet 10 4) WSW June 36 | WSW. Aug. 34 | SSW. Aug 24) W. Aug. 30 | WSW. Aug. 
OE a ere ers 10 36 | WSW Aug. 31); WSW. Aug. 39 | NNE Aug 13 | WNW July he rer ae 
OSES A” “ees 12 29; NW. June 23 | NW. June 32 | NW. July 35 | WNW. | July 25 | NNW. | July 
ln  ciestonnubndineroncntnwte 7 21 y. June 22 | W. June 26) W. June 33 | WSW June 22 | E. Aug. 
I, iy Ts coneduabasmaattipienmaacnusel 7 30 | NNW June 17 | WNW. | Aug 20| WNW Aug. 22| NW. July > =e ae 
Eg ee ere ee Pe 17 33 | NW. June 30 | NNW. | June 27 | NNW June 32 | W. July ay RE see er 
eS o Sr a SS ee. 4 35 | WSW June 241 N. Aug 23) WNW July 22; NW. June 20 | NNE. June 
CIE, WO ice chiecuulcnupbahatnsccensih 10 34 | WNW. | June 36 | S. June 37 | WSW June 25| WNW Aug. 14 | SSW. June 
ST nt nctadibounaienuatnbnonnied 10 34) NW. June 26 | W. June 23 | NNW June 6| WNW July 3) NW. July 
Cincinnati, Ohio. ..........-. a 5 18| WNW July 22 | NNE. Aug. OS SS ee ye Saerees ores i RE ere 
6. | a ee 10 40 | WNW. | June 29 | SSW June 33 | SW. Aug. 23 PNW. Aug 15| NNW Aug. 
OGRE, TIMER nn dcccccceseuscsoccessnst 5 31| WNW Aug. 35 | N. June 44| NNW June 25 | WSW. | June 2 eres ee 
ye SEES A IE 6 24) WNW. | June 3] NE. July 30 | NW. Aug 21 |} ENE. Aug. -10} NE. Aug. 
NE EEE ER FA 10 34] S. June 28 | N. July 34] N. Aug 31; NW. June 21] W. July 
RS TI innin's inenink pasion ia menmbaiipdienanrd 5 2%) NNW June 22 | NW. June 17 | E. July 14 | ESE. July 13 | 8. July 
lll EE Rs Ae OEE TE 17 36 | SSW June 36 | W. July 26 | W. July 29 | SSW. June 16 | N. July 
EE, SD is ncbccunaguniiteboccconiel 10 36 | W. July 45 | SW. June 46 | W. July 28 | W. July 5 | NNW. | July 
cn emanh ll 30 | NNW June 291 SW. Aug. 27 | W. Aug. 30 | WSW June 27 | NW. une 
4 “anaes BSD. Wier SS 4 31 | NW. Aug. 21| NNE. | June 8| WSW. | July die RS Ee (Se RS ‘ 
OS SS ee a Bet ee 13 33 | WSW July 40 | W. Aug. 40 | W. Aug 26 | NW. Aug 24 | WNW. | Aug. 
BIN cnwiuyncnncesapphuccsadett 4 28 | SW. June 23 | WSW June 23 | W. June 21| WSW June i a 
OS OS SR Sa..2ae Re em 7 25 | NNW June 26 | WNW. | June 21| W. June 16] N Aug 16 | W. Aug. 
ek Re see: 2 23 | W. July 27 | NW. June 8 | SW. July i) eee eee Ce Ce ee 
CL a 7 25 | SW. July 25 | W. July 18 | WSW July fe nee (| ee 
Greensboro, N. C_...--. ip iepiiptinpannts 8 33 | NNW. | July 46 | SW. June 34 | NNW. | July 30 | NW. July 31 | NNW. | June 
E,W oo nbsnceccennhiobensusudie 13 23 | NW. June 25 | W. June 36 | NW. June 35 | WSW June 24 | WNW. | July 
I SE i nncnenedaquunnbesenetniaiin y 47 | SW. July 31] W. June 35 | SW. Aug. 32 | NW. July 14 | NW. Aug. 
PEE, TE, oc.cnesctoncsaovesehpnosenees 1 21} ssw. July 20 | SSW. July 18 | N. Aug ae Sea tS Se re 
EE «a cotvddescovemibubeegeamik 5 28 | NNE June 18 | ENE. June 24 | SE. Aug. 27 | WNW. | June 21 | NW. June 
(TS EE eS EE 4 26 | WSW June 47 | WNW June 34 | WNW. | Ang. 30 | NNW July 21 | NNW Aug. 
SE Se Tn rcnccnndipe 10 41 | WNW. | June 24) SW. July 26 | SW. July 12|S July CS Issahectied ooneu 
Jackson, Miss-....-.-- 3 14} NNW June 10| NNW June 14] NNW. | June 20| NNW June @) beccancdeslecue 
Jacksonville, Fla.....--.-.---. 10 22| WNW June 231 W. Aug 30 | W. June 30 | ENE Aug. 29 | E. Aug. 
Kansas City, Mo-...-.---- : 10 30 | N. June 27| NNW. | June 2 N. Aug. 30 | NW. June 14| NNW Aug. 
DE, SN. -.. cecasnaennonbenoondilt 16 18 | EF. Aug. 26) W. June 38 | SW. June 20| NNW July 241] W. Aug. 
Kingman, Ariz.......--------.--- corscecess 1 25 | WSW July 11 | WSW. | July 18 | SW. Aug. 18 | SW. Aug. @) |-.-..----- vowwes 
EE, SEL. «dav andpaneckediovaovenss i) 241) N. June 23) W. July 31 | W. June 71 NW. June 29; WNW. | June 
Kylertown, Pa.......-.-------------------- 1 24| WNW. | July 19 | N. July 27 | N. July i) aaa ae 72 » oe 
SRS BE onan aprocaseuheqerauseseh 7 27 | NW. July 29 | NNW. | Aug. 31 | W. July 26) NW. June es oe 
Las Vegas, Nev...--- pendcocecnentoodinn 1 25| WSW June 26 | WNW. | June 22 | SW. Aug. 24) NW. June 43 | NW. June 
OS ee Ee a" 3 21 | SW. June 11 | SW. June (ty SP Se ee ER Sedans 2 Sa ae 
INS Tl intact ad oteictn-awsnedandinpiienaatabie 2 19 | W. June 17 | NNW. | June 16 y. July 28 | NE. July ©) fa .scescoulenaee 
| ERE es 10 23 | SW. June 30 | SW. June 241 WSW June 38 | SSW. Aug. 19 | W. July 
SE Rs aS SS & 32) W. June 29 | N. Aug. 23 | NW. July 13 | N. July 10 | NW. June 
ES, CE ns onttecadaspmdaeiocresedin’ 10 34 | WSW July 43 | NNW Aug. 40 | W. July 36 | W. July 23) SW. Aug. 
oO" ee 13 33 | W. July 20 | NNE June 25 | NE. June 18 | N. July 14 | W. June 
Ds Bein s cn tnadiinweragignomennnniiiie 6 18 | SW. Aug. 17| NNW. | July 21 | ESE Aug 25 | ESE Aug. 20 | ENE July 
CO ee init aes 1 30 | SW. June 18 | W. June 21 | S. July (See eee i ee Se 
eS eee eens 9 31 | SW. June 30 | SW. June 36 | W. Aug. 32 Aug. 20 ° Aug 
PAUeesOtO, TORR. noc ecco cemcnocctiaccas 3 23| NNW June 31 | SW. Aug 20) W. June 30 | WSW July 32 | WSW July 
Sg SEE a INE! 10 30 | WSW July 25 | WNW. | June 29 | WNW. | Aug. 28 : Aug. 2 ee Se ° 
er ee noc enereboadeaniin 10 18 | WNW Aug. 201 WSW June 31] W. June 23 | NNW June Ae 
oy, ee rn 6 31 | WNW July 26 | NW. Aug. 29) NW. Aug. 30 | W. June 5| WSW June 
sc cnntaccsianywmcenenes 1 32 | WSW July 25 | W. July amar S bE i SS 1) ae EE HS . 
Ce Ce, GEO... co cacnnombecsascews 10 29 Ww. June 26) WN June 16 | WSW June 12} SSW, June 4| NNW June 
Omaha, Nebr......-..---------2-----e0eeee- 16 23 | NW. June 31 | WNW. | June 33 | NNW June 25 | NW. July 30 | N. July 
ne SL RS Ree Re Dts actos 4 17| NNW June 22 | NNE June tt GRR Bae ac onneieil @) |.....cesssbeooan 
ee eS Sa eae 3 30 | NW. July 5 On A iie® Sti oille 4 BREA Qi  «&§ Se Se Co) | .ncosausouleen ° 
PEND, CN onconsencqeqeetecenscenp 1 32 | SSW. July 15 | WNW. | Aug. ip Bee See A Be AE ee a 
Lg Ny SS SERS EES 6 23 | SW. June 22) SW. July 17| WNW. | June 13 | N. June 10 | SSE. Aug. 
ek I SS 3 25 | WNW. | Aug. 13 | NNW. | July 14] NW. Aug <a Gace Rs ey ee acon 
Eg rnedonsccanggonmasgwpibipe 8 41 | SSW. June 40 | SW. June 31 | WSW July 39 | SSW. July 26 | WNW. | Aug. 
NP IRR IRI Sa RE ct Sisk 7 37 | NW. June 37 | N. July 40 | NE. June 37 | WSW. | July 20 | NW. Aug. 
OT Nake ah eR a CA SR 9 40 | SSW. July 40 | SW. July 40 | WSW. | July 23 | W. July 8 | SSW. July 
SS Ay ee ee 3 29 | SSW. July 20 | W. Aug. 14] SW. June 10 | NE. July @) }......--<clegraue 
OS OS’ Se 4 46 | NW. June 38 | SSW. June 36 | NW. June 36 | SW. June 20 | SW. June 
pC ERR LS ee AE 13 30 | NW. July 31} NW. June 34] NW. Aug. 36 | NNW June 17 | NNE. June 
RE EL dn ninedaneracceaaasnoas pail 10 21 | WNW. | June 28 | W. June 20 | W. June 13 | ESE. July (ye BRR 9o3=e 
Ue Cee 10 30 | WSW July 27) W. Aug. 29) NW. June 7 | WNW. | July 1] N. July 
RG Se SI icc ccdccmmonoccomsnnn 10 37 | WNW. | June 27 | WNW. | Aug. 27| WSW. | July 30} WSW. | Aug. 15 | SW. June 
eS a Ts 4 25 | SW. June 25 ; June 25 | SW. Aug. 16 | NW. Aug. (ge Re 
te ye eee ee 5 2 | SSW June 25| WSW. | June 19 | SSW. Aug. 13 | SSW. Aug. 12| NNW Aug. 
ke, ree 15 25 | N. June 40| NNW July 30 | WSW. | Aug. 31] SW. Aug. 20 | WSW Aug. 
Sault Ste. Marie, Mich .....--........-...... 10 42 | WNW June 41} SW. July 48 | NNE Aug. 42| NNW July 24) NW. July 
SS, WO inde one nkncdbcubercasestass 10 49 | SSW. Aug. 36 | SW. June 44) W. July 31 | SW. July 19| WSW Aug. 
OS REO RERE.)  e 7 47 | W. June 40 | W, June 41 | W. Aug. 29 | NE. Aug 14 | NE, July 
REIL TDS)... ccnchockigdeencavcasaes 4 18 | WSW July 27) N. July 18 | ENE. Aug. 12} N. July 11 | N. July 
I Wen cc ancahacundnenseoninsana 10 33 | W. July 36 | W. July 22 | WNW. | Aug. 13 | ENE Aug. 13 | WNW. | Aug. 
BE TE i ohtansntdncateckbsgoensanesines 5| 25| WNW. | June 30 | WNW. | June 24 | NE. Aug. 22 | ENE Aug. 17| ENE. | Aug. 
Tueson, Ariz. 1 15 | WSW June 10 | N. June 14}; WSW June FORE Ses © |...<i-eeeeee 
yO eras 2 25 | N. Aug. 26 | ENE June 24} NNE June 32) NW. June 31) N. June 
Ps ck ccnpenvbchouecogambaes 1 17| NNW June 24) N. June 23 | N. June 14) W. June ©) 1. .cscaseneieasann 
pO IS EE SOS 18 31 | WNW. | June 29| WNW. | Aug. 32 | WSW June 37 | N. Aug. 12 | NNE Aug. 
OS ST eS 6 25 | NW. June 21] NW. June 22| WSW Aug. wsw Aug. 17| WNW. | July 
Winnemucea, Nev... ........-------------- 1 28 | SSW. June 27 | WSW. | June 17| W. July | ie Ss ee (1) | -.--- 222-2] -2-<-008 
OO Bion dino dscsacdbnknasccnnckhies 5| 38| WSW. | June 36| SSW. | June 27 | Sw. June Ww. June 8. July 
SES WR a caclnanccpeadbetndpoccettsbe 1 26 | WSW. | June 18 | SW. July 18 | NE. June a Sa Pees © 1a20ccceesssanee - 





1 No data available for these levels. 
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Tapie 8.—Extreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations in 


the United States and for all records through July 1936, by seasons. 


ne meter per second=2.24 miles per hour—Continued 








































AUTUMN 
6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters 
: Yrs. 
Station 
= Dir. Vel.| Dir. Vel. | Dir. Vel.| Dir. Mo. Dir. Mo. 

j 1 "ig Ta eee ns “iy aE Sc: SS Se Ca 
hy gleam a8 29 T | Oe wo ek two Or bw. sept.” | “Ss | Waw. Rept WNW. | Sept 
od ay ara arummaEee ae on wD> NW 48 | WNW 25| NNW. | Sept. | 40/8 eT. g Serine bat 
on EE peppnaonrasenceanasion: : Nw 37 | WNW 43 | WSW. | Nov. 21 | WNW. | Nov ramententageveeoe 
ae  aalgmmeenpniapne nantes 5-5 4 wsw “xiw. 32 | WNW. | Nov. “4 | NW. Nov. WNW. | Sept 
ABU, TUE. ...---------~-erneraaasseese= 9 wsw 2 | NW 31 : Oct. 23 | WSW. | Sept. NW. Oct 
Atlanta, Ga---....- 5 NE. 231 Wwsw 241 N. Sept. 28 | N. Sept. eR 38 eageen 
Bellefonte, Pa. .---- 4 NW 241 WSsW. 34} WSW. | Oct. a7 | W. Sept. Ww Sept 
Ly 1 aategesssabeneesiccs scene oe Wsw 27|NE. 3| SSE. | Oct. 19 | NE. Oct. Lenten he 
ae a hy RR RRRENRRE ameERS 2a 4 NW 40 NNW 26 E. Oct. 22 | SW. Nov. NNW. | Oct. 
Bassteek, N. DOE.....---o----gsronssiares N. 49 | NNE 38 | WSW. | Sept. | 38 | NW. Oct. WNW. | Oct. 
Belt, 1dsho......~------------r-ecesereres= ; alw 29 | WNW. | Sept on | W. ee 6 Sates Ree 
Boston, Mass... -- --..-------------nenenooae 50 | w 49 | WSW. | Nov 46 | WNW. | Oct. NW. Oct 
Broken Arrow, Okla_-....------------------ 2ZIN ~ 3 Oct 25 | W. Oct. sw. Oct 
Brownsville, Tex_-------------------------- ¢| ean gE Foe og bee cael: = EE ie A 
Buffalo, Be Eacsenneccenennonsconseipnoneee 30 Sw : 35 | Sw. Sept a5 | N. Sept. NW. Sept 
ge = ne dee peneuneabenenaneetse: 30 | WNW 42) SW. Oct w. Sept. N. Sept 
Chartesten, 8. O........----------neneneone= 31 | w 31| NW. | Nov Wsw. | Sept. WNW. | Oct 
Cheyenne, Wi FOrornencennnoennonsecnneunves 30 | w 43 | WNW. | Sept WNW. | Oct. — “ 
Chicago, Tl_..--.---s-------a-neenenconooe- 7|NNW 12| NNE. | 8 N. Sept. NNW. | Sept 
Cincinnatl, Ohio Src: Mile PIS iat Pig c O-e 28 Sw 21 N. Sept NW. Sept. Wsw. Sept 
Cleveland, Ohio_........-.--.-------------- 25 . 30 | NNE. Sept 432 IE Gees: te etal 
See OhN0.....-..---------nennnnonsnoe 47 | w 31 | WSW. Oct NNE. Nov. NNW. Sept 
Dallas, Tex.....---------------------------- : NE. 0 N. Sept. : : : 
Davenport, Iowa.....--.------ ’ = b tak f = ae Sant NW. Sept. SSW. | Sept 
Del Rio, Tex SR Re 33 | NNW 35 | W. Sept N. Oct. NW. Sept 
Denver, Colo.......----2-0--------- 26 | NNW 34 | NNW. Oct sw, i er 
ag 9 RRR 44 | w 59 | WNW. | Nov Ww. Nov. W Oct 

SF a ESR. 4 phen boos Po ACD 2 eR theres 
NE Fi ircctecncnsensutinrencccauerobint 18 | NW. O) [-gereneee-|-ao- = ces ww lh 

t 35 | W. Oct. : WNW. | Oct. . | Nov 

Ellendale, N. Dak__..-.-------------------- S Nw. 50 | NW. Nov 33 | WNW. Oct ee eee 
ane Bagg “SF SF RRR AICS AA ET A 7 WNW 23) wsw 18 | NW. Sept 30 | NW. Sept. WSW. | Sept 

a aaa i Ss een Se ee ee 
+ ge eceesonerananness 5 ; NNEL 32 | Wei fica wee eomnwpecees Soames 8) mim 
Fresno, Calif. ---- ee eee ee ee 1 33 NNW 41 SW Nov Ww. Oct NW. Sept 
EN Bea =~ ~0nv-n—no--enenseaen eee = WNW 37 Ww. 45 W Nov w. Oct wsw. Oct 
jroesbeck, Tex.........-.------------------ : NE. O WNW. | Sepi 
Havre, Mont... .........--.--c-----eeee-ns-~= 9 Sale 4 sw. o - Jae os - . poe ct ™ ep 
Hollister, Calif. .......--------------------- ; Ww 20 Aad 35 W. Nov WNW. Sept tere 
Houston, Tex... -....----------=-----e00--~ 4 NW 26 | w" 41 | W8W. | Sept Ww. Oct Nw. Sept 
indianapolis, Ind_........------------------ 10 w. 34 | WNW 41 | WSW. | Oct. WNW. | Sept. | () |-.......--]........ 
Pen Th, F< owocnennvonnovemnaresanownnes 3 WNW 13 | WNW 10 k Sept NW. ept ‘ 

Jackson, Miss. .......-------------------- NW 35 | w 37 | WSW. | Oct NNE. | Oct Sw. Oct 
 commenp ie +7 ogvten See ee eS ee 4 - 27 \ 17 . Se Wsw. Sept SE. Sept 

SPOT, DEO... i. «onesocanececnoaleieen : : é f . ESE. ane 
Koy West, Fla.........-.----------------~- 16 . $1 | WNW a Ww Nov ‘haa = a ~ 

OE Sp ea PX ; aed Bate NE ; NE. Oot 
Knoxville, , Ee 9 lhe 2 Nw. o Ww wenn Oct ; NN aad Oct ‘ ’ ¢: “ae 
poo ag he pel energie : WNW slaw 40 | WNW. | Sept. NW. | Sept WNW. | Oct 
= Shy —Tapppeananess nema es a 1 SSW. 42) Ww.” 44) WSW. | Oct.” | (iy |----------]--------] (| ----e----}------ 

. ee ee ee eee . 6 | SSW. "Ses 3 ee 7 eS 
Lebec, Calif ee ee ee en ee | : A E La 42 | WNW. | Nov 3 Sept Ww. Sept 
Leesburg, Ga OS Tepe capeger as ata gees ae 10 Ww 49] wsw 23 | SW. Sept Wwsw. Sept NNE., Nov 
Sg ppuatropeonssneanenaransincs 8 NW 58] NW 25 | W Sept ENE. | Sept SSE. | Sept 
viadison Dwnccaitmadéenatitiie meas tue . ° - aw “ 

a , E Sept ; Oct w. Sept 
SENET, ORB - -onnnonacommncncncewnennn= a, 4 aoe > | NE. Bent w Oct WNW. | Oct 
SE Set ma cnncnemneonenvmncenerns Ww 231 iw: 23 | WNW. | Nov Ww SE Fg Becca Rae 
Nilami a. ey ee . . ray - 

issoula. Mont... WNW. | Nov. | (1) |---------- Se » 5 Re Sw > 
+r eg eo peeinenindabnnte : ene 4 ad | Ww. Oct. WNW. | Nov ESE. | Oct. 
ent Ane meron trean rar 3 + iw Sept ESE, " | Oct E. Oct 

Murfreesboro, Tenn 3 Ww. 23] Wsw 23 | NW. Sent. : 

Tew ry : Sept. WwW. Oct : Oct 
seewaek, N. J... .--ge----n-nnnaencawoneeon=-- ~4 ated 4 wow 37 | wesw. | oc WSw. | Oct WSW. | Oct 
Noth Pee aan AEN sy 3. fi NNW 30 | WNW 33 | E. Oct WSW. | Oct SE. Oct 
Nor tape ey aR . Nw. ES Seca Barely Me Seinaz! ‘ 
}— anh ge re : aNW 31 SNE, 12| NNE. | Oct. SW. | Oct. NNW. | Get 
Oklahoma City, Okla............---------- 10 WNW os | wow 38 Bept sw. Sepi Oct 
a te RR AR NRRRERS CEI BE W. 16 | NW. 12) NW. | Nov. | a) |-.....-----.-----| @ |--..-----. eee 
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1 No data available for these levels. 


